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low traffic communications. A record of traffic commu- 
nications is maintained at either the mobile station, or in 
the wireless communications network. Analysis of the 
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record indicates whether the mobile station should be 
operated in the deep-sleep mode. Then, the deep-sleep 
mode, with a larger period between control messages, 
is negotiated. In some aspects of the invention, the pe- 
riod between control messages is a function of the like- 
lihood of a traffic communication occurring. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001 ] This invention relates generally to wireless tel- 
ephone communications and, more particularly, to an 
apparatus and method for tracking the daily traffic pat- 
terns to a wireless mobile station, and modifying the pe- 
riod of the slotted mode of operation, in response to the 
traffic pattern history. 

DESCRIPTION OF THE RELATED ART 

[0002] The following description of the related art is 
derived primarily from the "Background of the Invention" 
Section of US Patent 5,491 ,71 8. 
[0003] The pan-European digital cellular radio system 
which is in use in Europe (Groupe Speciale Mobile or 
GSM) implements a discontinuous reception (DRX), or 
"slotted paging mode", when operating in an idle mode. 
In this mode a radiotelephone, also referred to herein 
as a mobile station, does not continuously monitor a 
paging channel when in the idle mode. Instead, the mo- 
bile station is required to monitor the paging channel on- 
ly during an assigned paging channel time slot. During 
all other paging channel time slots the mobile station can 
place itself into a low power mode of operation, such as 
by removing power from selected circuitry, thereby re- 
ducing power consumption and prolonging battery life. 
[0004] A convenient method for making power con- 
sumption comparisons for the DRX mode employs the 
duty cycle of the radio of receiver "ON" to "OFF" (sleep) 
time. The lower the duty cycle, the less time the mobile 
station is required to be powered "ON". A reduction in 
the "ON" time, or conversely an increase in the "OFF" 
or sleep time, provides a reduction in power consump- 
tion and an increase in battery life. 
[0005] In GSM, the idle mode is based on the concept 
of multiframes, each of which is 235 milliseconds (ms) 
long. The mobile station is required to read one paging 
message every two to nine multiframes (470 ms to 2.1 
seconds), as specified by the base station. In addition, 
each paging message consists of four frames, where a 
frame is 4.614 ms in duration of 0.5769 ms. A mobile 
station is only required to receive onetimeslot per frame. 
Therefore, the mobile station is required to receive only 
one paging message, of 18.46 ms (4 x 4.61 5 ms) dura- 
tion, every 470 ms to 2.1 seconds. Of this 18.46 ms, the 
receiver circuitry is "ON" for the minimum time, the duty 
cycle ranges from a maximum of 2.31 ms/470 ms=3.9% 
to a minimum of 18.46 ms£M seconds-0.9%. 
[0006] DRX has also been proposed to be implement- 
ed in the Japanese Digital Cellular (JDC) system. Al- 
though the U.S. digital cellular TDM A system (IS-54) 
does not, at present, implement a DRX mode, one is 
under consideration for the future, using the GSM and 
the proposed JDC systems as models. 
[0007] In the proposed implementation of DRX in the 



JDC system, and similar to GSM the concept of super- 
frames is used. Each superframe is 720ms in duration, 
and consists of 36 frames of 20 ms each. The mobile 
station is required to read one paging message per su- 

5 perframe. Each frame in JDC consists of three timeslots, 
and the mobile station is required to receive only one 
timeslot of the three. In that a paging message consists 
of only one timeslot, of 20 ms/3 = 6.67 ms duration, the 
duty cycle in this proposed system is 6.67 ms/720 ms, 

10 or 0.93%. 

[0008] As originally proposed for the US Code Divi- 
sion Multiple Access (CDMA) system, the mobile station 
must periodically receive one 200 ms slot, as deter- 
mined by a SLOT_CYCLEJNDEX value. The index is 

15 selected by the mobile station , except that the base sta- 
tion can set the maximum index to correspond to as 
small as a one second cycle time. A typical, reasonable 
slot cycle for a mobile station is two seconds. Therefore, 
the duty cycle could be as low as 200 ms/2 seconds = 

20 10%, and as high as 200 ms/1 second = 20%. Both of 
these duty cycle values are clearly significantly greater 
than the corresponding minimum and maximum values 
achievable with the GSM and the proposed JDC sys- 
tems. 

25 [0009] In addition, there exists a certain amount of 
overhead to receive a slotted page message. Because 
of continuous convotutional coding on the CDMA paging 
channel, the mobile station must receive at least a frame 
before and after the 200 ms slot, depending on the pag- 

30 jng channel data rate. This time, in conjunction with var- 
ious turn -on times in the mobile station receiver, results 
in a typical overhead of up to 1 00 ms. The total on-time 
of the mobile station thus becomes approximately 300 
ms, resulting in a duty cycle between 20% and 30%, de- 

35 pending on the slot cycle length. 

[0010] Furthermore, it is possible that the mobile sta- 
tion would be required to receive two paging channel 
slots. This can occur if the base station uses the 
MORE_PAGES bit in the SLOTTED PAGE MESSAGE, 

40 thereby requiring the mobile station to receive up to one 
additional slot. Also, the CDMA specification states that 
the mobile station may stop listening to the paging chan- 
nel after reading the SLOTTED PAGE MESSAGE. 
There is no guarantee that this message is located at 

45 the beginning of the slot. As a result, it may happen that 
the mobile station must always listen to the entire slot. 
[001 1 ] As presently specified for use, a CDMA mobile^ 
station includes a system time pseudonoise (PN) gen- 
erator, also referred to herein as a "short code" as op- 

50 posed to "long code" generator. The system time short 
code PN generator has a rollover period of 26.67 milli- 
seconds, and is aligned with the frame timing (20 milli- 
seconds) every 80 milliseconds. 

[001 2] Anotherf eature of the CDMA system is the use 
55 of a Long Code for mobile unit identification. The Long 
Code is a PN sequence with period 2 42 -1 that is used 
for scrambling on the Forward (base station to mobile) 
CDMA Channel and for spreading on the Reverse (mo- 
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bile to base station) CDMA Channel. The Long Code 
uniquely identifies a mobile station on both the Forward 
and Reverse Traffic Channels. The Long Code also 
serves to provide limited privacy, and separates multiple 
Access Channels on the same CDMA channel. A Long 
Code Mask is a 42 bit binary number that creates the 
unique identity of the Long Code. 
[0013] A problem is created when it is desired to pe- 
riodically shutoff a long code generator, such as when 
powering down the mobile station when operating in the 
slotted paging (DRX) mode described above, and to 
then restart the long code generator in the proper state 
when powering back up. Since the long code generator 
is intended to run continuously, it is essential that the 
long code generator be initialized to the proper state 
whenever it is started after a period of non-operation. 
[0014] One method has been proposed which would 
read the state of the long code generator just prior to 
powering down the mobile station. A complex matrix 
multiply operation is then applied to the long code to de- 
termine the correct state of the long code generator at 
a time in the future when the long code generator is to 
be reinitialized. 

[0015] However, this approach is computationally ex- 
pensive. As a result, it may be necessary to "wake UP" 
the mobile station earlier that would be necessary if the 
complex matrix multiply operation is performed after the 
power down period. If the matrix multiply is performed 
before powering down, then the mobile station must re- 
main in a powered up state for a period of time sufficient 
to accomplish the matrix multiply. In either case, the mo- 
bile station is powered on for a longer time. The causes 
the overall duty cycle and power consumption to in- 
crease, thus decreasing battery life. 
[001 6] Other, more conceptually simple and power ef- 
ficient methods of generating codes are available, as ex- 
plained in U.S. Patent Application Serial No. 
09/322,373, entitled METHOD AND APPARATUS FOR 
GENERATING DATA SEQUENCES FOR USE IN COM- 
MUNICATIONS, invented by John McDonough, filed on 
May 28, 1999. Thus : the above-described code gener- 
ation limitations do not necessarily prevent a CDMA mo- 
bile station from being able to operate with greater pow- 
er efficiency in a slotted mode. 

[001 7] It would be advantageous if a battery operated 
mobile station could be operated in a deep-sleep mode 
of operation to converse battery power and to conserve 
network resources when it is likely that the mobile sta- 
tion is less likely to originate or receive a traffic channel 
communication. 

SUMMARY OF THE INVENTION 

[0018] Accordingly, a method that permits a mobile 
station telephone to be operated with specific "sleep 
times" is provided where the sleep times are a pre-spec- 
ified, adaptive or externally controlled process of de- 
creasing the number of control messages with the com- 
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municated with the wireless communications system. 
Conventional mobile stations operate in a slotted mode, 
where the paging channel is monitored only periodically 
for pages and network overhead messages. The 

5 present invention adaptive deep-sleep mode of opera- 
tion calculates a variable slot interval, using calendar 
information that is generated by either the mobile station 
or the wireless system, based on usage history. 
[001 9] Specifically, the method for adapti vely modify- 

10 ing the sleep-mode behavior of mobile stations compris- 
es: maintaining a record of traffic communications to a 
mobile station; in response to the traffic communications 
record, determining cyclic patterns of traffic communi- 
cation activity; and, reducing control communications 

15 with the wireless communications network during peri- 
ods determined to have low traffic communication activ- 
ity. Reducing control communications with the wireless 
system during periods determined to have low traffic 
communication activity means that the first mobile sta- 

20 tion operates in a deep-sleep slotted mode, where the 
mobile station monitors broadcast messages from the 
base station transmitted at a second periodic rate, slow- 
er than the first (conventional) rate. 
[0020] Maintaining a record of communications in- 

25 eludes making a record of traffic communications to the 
first mobile station over a period of time greater than a 
day. Then, determining cyclic patterns of traffic commu- 
nication activity includes determining daily patterns of 
traffic communication activity by differentiating times 

30 within a daily cycle, and averaging the traffic communi- 
cation activity occurring at the differentiated times. Fur- 
ther, traffic communication activity occurring in recent 
cycles is weighted more heavily than traffic communica- 
tion activity occurring in less recent cycles. 

35 [0021] In one aspect of the invention, the mobile sta- 
tion tracks the traffic communications and calculates the 
deep-sleep second period. Alternately, the base station, 
mobile switching center (MSC), or specialized node in 
the wireless system tracks the communications and cal- 

40 culates the second slotted mode rate. Either way, the 
use of the second slotted mode rate requires a request 
to the network that the mobile station be permitted to 
use the second rate. Then, the mobile station operates 
in the deep-sleep slotted mode at the second rate in re- 

45 sponse to receiving permission. Other details of the 
method are presented below in the detailed explanation 
of the invention. 

[0022] An apparatus for adaptively modifying the 
sleep-mode behavior of mobile stations is also provided. 

50 The apparatus comprises a mobile station communicat- 
ing traffic and control communications with the wireless 
communications network. An interacting memory, mi- 
croprocessor, and software application of machine ex- 
ecutable instructions maintain a record of mobile station 

55 traffic communications and, in response to the traffic 
communications record, determine cyclic patterns of 
traffic communication activity. As above, control com- 
munications are variably reduced between the mobile 
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station and the wireless communications network during 
periods determined to have low traffic communication 
activity. In some aspects of the invention, the memory, 
microprocessor, and software application reside with 
the mobile station. Alternately the memory, microproc- 
essor, and software application reside with the wireless 
communications system. 

BRIEF DESCRIPTION OF THE DRAWING 

[0023] For a more complete understanding of the 
present invention, and the advantages thereof, refer- 
ence is now made to the following detailed description 
of certain particular and illustrative embodiments and 
the features and aspects thereof, by way of example on- 
ly, and with reference to the figures of the accompanying 
drawings in which: 

Fig. 1 is a schematic block diagram illustrating a 
system for adaptively modifying the sleep-mode be- 
havior of mobile stations in a wireless communica- 
tions network. 

Fig. 2 is a schematic block diagram of the present 
invention system for adaptively modifying the sleep- 
mode behavior of mobile stations, where the deci- 
sion elements are co-located with the base station. 
Fig. 3 is a flowchart illustrating a method for adap- 
tively modifying the sleep-mode behavior of a mo- 
bile station in a wireless communications network. 
Fig. 4 illustrates an alternate aspect of the invention 
of Fig. 3, where the mobile station includes a mem- 
ory, and the base station includes a memory, a mi- 
croprocessor, and a software application of ma- 
chine executable instructions. 
Fig. 5 illustrates an alternate aspect of the invention 
of Fig. 3, where the base station includes a memory, 
a microprocessor, and a software application of ma- 
chine executable instructions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Fig. 1 is a schematic block diagram illustrating 
a system for adaptively modifying the sleep-mode be- 
havior of a mobile station in a wireless communications 
network. The system 10 comprises a wireless commu- 
nications network 11 and a mobile station 12 having a 
wireless communications port on line 14 to communi- 
cate traffic and control communications with the wire- 
less communications network through antenna 16. The 
traffic and control communications are represented with 
reference designators 1 8 and 20, respectively. As is well 
understood, the wireless communications network 11 
(to the right of the dotted line) may include a base station 
22 in communication with the mobile station 12. In turn, 
the base station is connected to a mobile switching cent- 
er 24, that communicates with other base stations, such 
as base station 26 to relay calls to other mobile stations 



(not shown), or to a POTS telephone system to relay 
calls to landline telephones (not shown). 
[0025] An interacting memory 30, microprocessor 32 , 
and software application of machine executable instruc- 

5 tions 34 cooperate to maintain a record of mobile station 
traffic communications and, in response to the traffic 
communications record, determine cyclic patterns of 
traffic communication activity to and from mobile station 
12. As shown in Fig. 1 , the memory 30, microprocessor 

10 32, and software application 34 are co-located with the 
mobile station 12 in some aspects of the invention. Al- 
ternate locations for these features are presented be- 
low. 

[0026] The control communications 20 are reduced 

15 between the mobile station 1 2 and the wireless commu- 
nications network 11 during periods determined to have 
low traffic communication activity. The control commu- 
nications 20 transmitted from the base station 22 include 
broadcast messages monitored by the mobile station. 

20 The base station 22 decreases the frequency of trans- 
mitted broadcast messages when control communica- 
tions 20 between the wireless communications network 
11 and the mobile station 12 are reduced. 
[0027] As explained in the background section, the 

25 control communications with the mobile station 1 2 can 
be understood in the context of message slots, and a 
slotted mode of operation. It is also understood that 
there may be an element of negotiation between the mo- 
bile station 1 2 and the base station 22 to establish a 

30 broadcast message monitoring and response pattern. 
Although not an absolute number, the mobile station 12 
monitors broadcast messages from the base station 
transmitted at a first periodic rate in the conventional 
slotted mode of operation. However, the base station 22 

35 control communications also include a deep-sleep slot- 
ted mode of operation to reduce control communica- 
tions to the mobile station. In the deep-sleep slotted 
mode of operation the mobile station 1 2 monitors broad- 
cast messages from the base station 22 at a second pe- 

40 riodic rate, less than thef irst rate in the deep-sleep mode 
of operation. 

[0028] Alternately stated, in the negotiations between 
the mobile station 1 2 and the base station 22, the mobile 
station 1 2 is able to convey the need for a reduced like- 

45 lihood of use, which permits the base station to reduce 
the frequency of control communications. 
[0029] To be effective and accurate, the traffic com- 
munications must be monitored over a period long 
enough period to establish patterns. The memory 30 

so maintains a record of communications which include a 
record of traffic communications to the first mobile sta- 
tion 12 over a period of time greater than a day. The 
software application 34 determines daily patterns of traf- 
fic communication activity from the stored record of traf- 

55 fic communications. The software application 34 coop- 
erates with the record of traffic communications in mem- 
ory 30 to differentiate times within a daily cycle, and to 
average the traffic communication activity occurring at 
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the differentiated times. In some aspects of the inven- 
tion, the software application 34 cooperates with the 
record of traffic communications stored in memory 30 to 
weight traffic communication activity occurring in recent 
cycles more heavily than traffic communication activity 
occurring in less recent cycles. Obviously, there are 
many different averaging algorithms that could be used 
to effectively average the data. 

[0030] The software application 34 cooperates with 
the record of traffic communications stored in memory 
30 to calculate the deep-sleep slotted mode second pe- 
riod. The base station 22 receives a request asking per- 
mission for the mobile station 12 to operate in deep- 
sleep slotted mode of operation having the second pe- 
riod. The base station must communicate with other mo- 
bile stations besides mobile station 12. and although a 
deep-sleep mode should free up network resources and 
reduce the communications noise floor, other elements 
in the network may not leave the base station free to 
grant the deep-sleep mode of operation request. Thus, 
the base station 22 may deny the request. Alternately, 
the base station will grant the request, or open negotia- 
tions for a compromise second period value, and the 
second period is a negotiated value. 
[0031] Ultimately, the mobile station 12 receives a 
command from the base station 22 to operate in the 
deep-sleep mode of operation having the second peri- 
od. The mobile station 12, then, acknowledges the re- 
quest, and enters the deep-sleep slotted mode of oper- 
ation, 

[0032] Fig. 2 is a schematic block diagram of the 
present invention system for adaptively modifying the 
sleep-mode behavior of mobile stations, where the de- 
cision elements are co- located with the base station 22. 
That is, the memory 30, microprocessor 32, and soft- 
ware application 34 are co-located with the base station 
22, and the patterns of traffic communication are deter- 
mined at the base station 22. For simplicity, the memory 
30, microprocessor 32, and software application are 
shown located in a single element, namely base station 
22. As those skilled in the art can appreciate, these func- 
tions could also be performed at other levels in the wire- 
less communications network, spread among multiple 
base stations, performed at the MSC (see Fig. 1 ), or per- 
formed by a special slotted mode calculation node (not 
shown) for all the mobile stations in the network 11 . 
[0033] In some aspects of the invention, the mobile 
station 12 includes a local memory 50 lo maintain a 
record of traffic communication activities which are 
transmitted to the base station memory 30. Thus, the 
base station memory may be used to track recent 
events, while the long-term history is maintained in the 
mobile station local memory 50. Alternately, the mobile 
station local memory 50 may be used to track recent 
events, while the long-term history is maintained in the 
base station memory 30. 

[0034] Regardless of whether the decision-making el- 
ements are located with the network 1 1 (Fig. 2), or with 



the mobile station 12 (Fig. 1), one feature of the inven- 
tive system is ability of the base station control commu- 
nication 20 to operate in a variable deep-sleep slotted 
mode, to reduce control communications to the mobile 

5 station 12. Then, the mobile station 12 monitors broad- 
cast messages from the base station 22 at a variable 
periodic rate, less than the first rate. The mobile station 
1 2 monitors broadcast messages from the base station 
22 at a variable periodic rate, in response to the average 

to traffic communication activity occurring at a differentiat- 
ed time in the cycle. Thus, a deeper sleep mode of op- 
eration is requested, with a slower second periodic rate, 
when it is calculated that the mobile station is extremely 
unlikely to engage in traffic communications. A less sig- 

*5 nif icant decrease in the slotted mode periodic rate is es- 
tablished when the likelihood of engaging in traffic com- 
munications is higher. 

[0035] Returning to Fig. 1 , in some aspects of the in- 
vention, the mobile station 1 2 includes a battery 60 and 

20 a battery condition detector 62. Then, the control com- 
munication 20 between the wireless communication 
network 11 and the mobile station 12 are reduced in re- 
sponse to the detected battery condition. That is, when 
the detected battery voltage or current is low. a reduced 

25 rate of control communications is requested, to mini- 
mize the load on the battery 60. 

[0036] In some aspects of the invention, the base sta- 
tion 22 includes a message service 64, or the message 
service is a connected node (not shown) in the wireless 

30 communications network 1 1 . When, the control commu- 
nications are operated at a reduced rate, it takes longer 
to establish a traffic communication, since the time be- 
tween pages is longer. A caller seeking to place a call 
during the set-up time may hear silence or multiple rings, 

35 and hang up in frustration. Therefore, the base station 
22 sends a warning from the message center 64, follow- 
ing the reducing of the control communications with the 
mobile station 1 2, that the initiation of the traffic commu- 
nication will be delayed, in response to the initiation of 

40 a mobile station traffic communication. For example, the 
warning may be a voice message stating that the call is 
being processed, but that the caller should expect a 
longer than normal time to establish the connection. 
[0037] Fig. 3 is a flowchart illustrating a method for 

45 adaptively modifying the sleep-mode behavior of a mo- 
bile station in a wireless communications network. Al- 
though the method is depicted as a sequence of num- 
bered steps for clarity, no order should be inferred from 
the numbering unless explicitly stated. The method 

50 starts at Step 1 00. Step 1 02 maintains a record of traffic 
communications to a mobile station. Step 104, in re- 
sponse to the traffic communications record, deter- 
mines cyclic patterns of traffic communication activity. 
Step 1 06 reduces control communications with the wire- 

55 less communications network during periods deter- 
mined to have low traffic communication activity. 
[0038] Typically, the wireless communications net- 
work includes a base station to transmit broadcast mes- 
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sages monitored by the mobile station. Then, reducing 
control communications with the wireless system during 
periods determined to have low traffic communication 
activity in Step 106 includes the first mobile station re- 
ducing the monitoring of base station broadcast mes- 
sages. The control communications between the base 
station and the mobile station are typically organized in 
a slotted mode of operation where the mobile station 
monitors broadcast messages from the base station 
transmitted at a first periodic rate. Then, reducing con- 
trol communications with the wireless system during pe- 
riods determined to have low traffic communication ac- 
tivity in Step 106 includes the first mobile station oper- 
ating in a deep-sleep slotted mode where the mobilesta- 
tion monitors broadcast messages from the base station 
transmitted at a second periodic rate, slower than the 
first rate. 

[0039] In some aspects of the invention, maintaining 
a record of communications in Step 102 includes mak- 
ing a record of traffic communications to the first mobile 
station over a period of time greater than a day Then, 
determining cyclic patterns of traffic communication ac- 
tivity in Step 104 includes determining daily patterns of 
traffic communication activity. In some aspects, deter- 
mining cyclic patterns of traffic communication activity 
in Step 1 04 includes sub-steps. Step 1 04a differentiates 
times within a daily cycle, and Step 104b averages the 
traffic communication activity occurring at the differenti- 
ated times. 

[0040] Typically, determining cyclic patterns of traffic 
communication activity in Step 104 includes weighting 
traffic communication activity occurring in recent cycles 
more heavily than traffic communication activity occur- 
ring in less recent cycles. 

[0041] Further, determining cyclic patterns of traffic 
communication activity in Step 104 includes calculating 
the deep-sleep slotted mode second period. Then, the 
method includes further steps. Step 1 05a requests from 
the base station, a deep-sleep slotted mode of operation 
having the second period. Step 105b receives permis- 
sion to operate in the deep-sleep mode of operation hav- 
ing the second period. Then, operating in a deep-sleep 
slotted mode at the second rate in Step 106 includes 
operating at the second rate in response to receiving 
permission. 

[0042] In one aspect of the invention, the mobile sta- 
tion includes a memory, a microprocessor, and a stored 
software application of machine executable instruc- 
tions. Then, maintaining a record of traffic communica- 
tion activities in Step 102 includes monitoring and stor- 
ing a traffic communications record in the memory of the 
mobile station. Determining the patterns of traffic com- 
munication activity in Step 1 04 includes using the soft- 
ware application to access the record stored in memory 
to calculate patterns of traffic communication activity 
and the deep-sleep mode second rate. 
[0043] Fig. 4 illustrates an alternate aspect of the in- 
vention of Fig. 3, where the mobile station includes a 



memory, and the base station includes a memory, a mi- 
croprocessor, and a software application of machine ex- 
ecutable instructions. Then, maintaining a record of traf- 
fic communication activities in Step 1 02 includes moni- 

5 toring and storing a traffic communications record in the 
memory of the mobile station. The method further com- 
prises Step 1 03a, transmitting the record of traffic com- 
munication activities to the base station memory. Deter- 
mining the patterns of traffic communication activity in 

10 Step 104 then includes using the base station software 
application to access the record stored in the base sta- 
tion memory, to calculate patterns of traffic communica- 
tion activity and the deep-sleep mode second rate. 
[0044] In Step 1 05c the base station transmits a com- 

15 mand for the mobile station to operate in the deep-sleep 
slotted mode of operation having the second period. Op- 
erating in a deep-sleep slotted mode at the second rate 
in Step 106 includes the mobile station operating at the 
second rate in response to receiving the command. 

20 [0045] Fig. 5 illustrates an alternate aspect of the in- 
vention of Fig. 3, where the base station includes a 
memory, a microprocessor, and a software application 
of machine executable instructions. Maintaining a 
record of traffic communication activities in Step 1 02 in- 

25 eludes monitoring and storing a traffic communications 
record in the memory of the base station. Determining 
the patterns of traffic communication activity in Step 1 04 
includes using the base station software application to 
access the record stored in memory to calculate pat- 

30 terns of traffic communication activity and the deep- 
sleep mode second rate. 

[0046] In Step 1 05d the base station transmits a com- 
mand for the mobile station to operate in the deep-sleep 
slotted mode of operation having the second period. Op- 

35 erating in a deep-sleep slotted mode at the second rate 
in Step 1 06 includes the mobile station operating at the 
second rate in response to receiving the command. 
[0047] Equally applicable to Figs. 3, 4, and 5, in some 
aspects invention reducing control communications with 

40 the wireless system during periods determined to have 
low traffic communication activity in Step 106 includes 
the first mobile station operating in a deep-sleep slotted 
mode where the mobile station monitors broadcast mes- 
sages from the base station transmitted at a second, 

45 variable, periodic rate, slower than the first rate. Further, 
Step 106 includes the second rate at which the deep- 
sleep mode being varied in response to the average traf- 
fic communication activity occurring at a differentiated 
time in the cycle. 

so [0048] In some aspects of the invention the mobile 
station includes a battery. Then, Step 103b (as repre- 
sented in Fig. 3) detects the condition of the mobile sta- 
tion battery. Step 107 reduces control communications 
with the wireless communications network in response 

55 to the condition of the mobile station battery. 

[0049] In another aspect of the invention, a base sta- 
tion message service is included. Then, the method 
comprises a further step. Step 108, following the reduc- 
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ing of the control communications with the wireless com- 
munications network, initiates a mobile station traffic 
communication. Then, Step 110suppliesawarningfrom 
the base station message service that the initiation of 
the traffic communication with the mobile station will be 
delayed. 

[0050] A system and method of reducing control com- 
munications between a wireless communications net- 
work and a mobile station have been provided. Example 
have been given for reducing the control communica- 
tions in response to factors such as traffic communica- 
tions and battery power. Other reasons to reduce, or oth- 
erwise modify, the rate of control communications also 
exist, such as the density of mobile stations operating 
in a cell. Other embodiments and variations of the in- 
vention will occur to those skilled in the art. 



Claims 

1 . A method for adaptively modifying the sleep-mode 
behavior of a mobile station in a wireless commu- 
nications network, the method comprising: 

maintaining a record of traffic communications 
to a mobile station; 

responsive to the traffic communications 
record, determining cyclic patterns of traffic 
communication activity; and 
reducing control communications with the wire- 
less communications network during periods 
determined to have low traffic communication 
activity. 

2. The method as recited in claim 1 , wherein the wire- 
less communications network comprises a base 
station for transmitting broadcast messages moni- 
tored by the mobile station; and 

wherein the step of reducing control commu- 
nications with the wireless system during periods 
determined to have low traffic communication activ- 
ity comprises the first mobile station reducing mon- 
itoring of base station broadcast messages. 

3. The method as recited in claim 2, wherein control 
communications between the base station and the 
mobile station include a slotted mode of operation 
where the mobile station monitors broadcast mes- 
sages transmitted from the base station at a first pe- 
riodic rate; and 

wherein the step of reducing control commu- 
nications with the wireless system during periods 
determined to have low traffic communication activ- 
ity comprises the first mobile station operating in a 
deep-sleep slotted mode where the mobile station 
monitors broadcast messages from the base station 
transmitted at a second periodic rate, slower than 
the first rate. 
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4. The method as recited in claim 3, wherein the step 
of maintaining a record of communications compris- 
es making a record of traffic communications to the 
first mobile station over a time period greater than 

5 a day; and 

wherein the step of determining cyclic pat- 
terns of traffic communication activity comprises de- 
termining daily patterns of traffic communication ac- 
tivity. 

10 

5. The method as recited in claim 4, wherein the step 
of determining cyclic patterns of traffic communica- 
tion activity comprises: 

*5 differentiating times within a daily cycle; and 

averaging the traffic communication activity oc- 
curring at the differentiated times. 

6. The method as recited in claim 5, wherein the step 
20 of determining cyclic patterns of traffic communica- 
tion activity comprises: 

weighting traffic communication activity occur- 
ring in recent cycles more heavily than traffic 
25 communication activity occurring in less recent 

cycles. 

7. The method as recited in claim 5, wherein the step 
of determining cyclic patterns of traffic communica- 
te tion activity comprises calculating the deep-sleep 

slotted mode second period; and 

requesting from the base station, a deep-sleep 
slotted mode of operation having the second 
35 period; 

receiving permission to operate in the deep- 
sleep mode of operation having the second pe- 
riod; and 

40 wherein the step of operating in a deep-sleep 

slotted mode at the second rate comprises operat- 
ing at the second rate in response to receiving per- 
mission. 

45 8. The method as recited in claim 7, wherein the step 
of maintaining a record of traffic communication ac- 
tivities comprises monitoring and storing a traffic 
communications record in a memory of the mobile 
station; and 

50 wherein the step of determining the patterns 

of traffic communication activity comprises execut- 
ing a software application of machine executable in- 
structions with a microprocessor to access the 
record stored in said memory to calculate patterns 

55 of traffic communication activity and the deep-sleep 
mode second rate. 

9. The method as recited in claim 6, wherein the step 
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of maintaining a record of traffic communication ac- 
tivities comprises monitoring and storing a traffic 
communications record in a memory of the mobile 
station; and 

transmitting the record of traffic communica- 
tion activities to a base station memory; and 

wherein the step of determining the patterns 
of traffic communication activity comprises execut- 
ing a base station software application of machine 
executable instructions with a microprocessor to 
access the record stored in the base station mem- 
ory to calculate patterns of traffic communication 
activity and the deep-sleep mode second rate. 

10. The method as recited in claim 9 further comprising: 

the base station transmitting a command for 
the mobile station to operate in the deep-sleep slot- 
ted mode of operation having the second period; 
and 

wherein the step of operating in a deep-sleep 
slotted mode at the second rate comprises the mo- 
bile station operating at the second rate in response 
to receiving the command. 

11. The method as recited in claim 6, wherein the step 
of maintaining a record of traffic communication ac- 
tivities comprises monitoring and storing a traffic 
communications record in a memory of the base 
station; and 

wherein the step of determining the patterns 
of traffic communication activity comprises execut- 
ing a base station software application of machine 
executable instructions with a microprocessor to 
access the record stored in said memory to calcu- 
late patterns of traffic communication activity and 
the deep-sleep mode second rate. 

12. The method as recited in claim 11 further compris- 
ing: 

the base station transmitting a command for 
the mobile station to operate in the deep-sleep slot- 
ted mode of operation having the second period; 
and 

wherein the step of operating in a deep-sleep 
slotted mode at the second rate comprises the mo- 
bile station operating at the second rate in response 
to receiving the command. 

13. The method as recited in claim 6, wherein the step 
of reducing control communications with the wire- 
less communications network during periods deter- 
mined to have low traffic communication activity 
comprises the first mobile station operating in a 
deep-sleep slotted mode where the mobile station 
monitors broadcast messages from the base station 
transmitted at a second, variable, periodic rate, 
slower than the first rate. 



14. The method as recited in claim 13 further compris- 
ing: 

varying the second rate at which the deep- 
5 sleep mode operates in response to the aver- 

age traffic communication activity occurring at 
a differentiated time in the cycle. 

15. The method as recited in claim 1 further comprising: 

10 

detecting the condition of a mobile station bat- 
tery; and 

reducing control communications with the wire- 
less communications network in response to 
15 the condition of the mobile station battery. 

16. The method as recited in claim 1 further comprising: 

providing a base station message service: and 
20 following the reducing of the control communi- 

cations with the wireless communications net- 
work, initiating a mobile station traffic commu- 
nication; 

supplying a warning from the base station mes- 
25 sage service that the initiation of the traffic com- 

munication with the mobile station will be de- 
layed. 

17. An apparatus for adaptively modifying the sleep- 
30 mode behavior of a mobile station in a wireless 

communication network, the apparatus comprising: 

a mobile station having a wireless communica- 
tions port for communicating traffic and control 
35 communications with the wireless communica- 

tions network; 

an interacting memory, microprocessor, and 
software application of machine executable in- 
structions for maintaining a record of mobile 
40 station traffic communications and, in response 

to the traffic communications record, determin- 
ing cyclic patterns of traffic communication ac- 
tivity; and 

45 wherein said apparatus is adapted to reduce 

control communications between the mobile station 
and the wireless communications network during 
periods determined to have low traffic communica- 
tion activity. 

50 

18. The apparatus as recited in claim 1 7 further com- 
prising: 

a base station for transmitting broadcast mes- 
55 sages monitored by the mobile station and for 

decreasing the frequency of transmitted broad- 
cast messages when control communications 
between the wireless communications network 
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and the mobile station are reduced. 

19. The apparatus as recited in claim 18, wherein base 
station control communications to the mobile sta- 
tion comprises a slotted mode of operation; 

wherein the mobile station is adapted to mon- 
itor broadcast messages from the base station 
transmitted at a first periodic rate in the slotted 
mode of operation; 

wherein the base station control communica- 
tions comprise a deep-sleep slotted mode of oper- 
ation for reducing control communications to the 
mobile station; and 

wherein the mobile station is adapted to mon- 
itor broadcast messages from the base station at a 
second periodic rate, less than the first rate in the 
deep-sleep mode of operation. 

20. The apparatus as recited in claim 19, wherein the 
memory is arranged for maintaining a record of 
communications which include a record of traffic 
communications to the first mobile station over a 
time period greater than a day; and 

wherein the software application is adapted 
for determining daily patterns of traffic communica- 
tion activity from the stored record of traffic commu- 
nications. 

21. The apparatus as recited in claim 20, wherein the 
software application cooperates with the record of 
traffic communications in memory to differentiating 
times within a daily cycle and to average the traffic 
communication activity occurring at the differentiat- 
ed times. 

22. The apparatus as recited in claim 21 , wherein the 
software application cooperates with the record of 
traffic communications stored in memory to weight 
traffic communication activity occurring in recent cy- 
cles more heavily than traffic communication activ- 
ity occurring in less recent cycles. 

23. The apparatus as recited in claim 21 , wherein the 
software application cooperates with the record of 
traffic communications stored in memory to calcu- 
late the deep-sleep slotted mode second period; 
and 

wherein the base station is arranged to re- 
ceive a request asking permission for the mobile 
station to operate in deep-sleep slotted mode of op- 
eration having the second period; 

wherein the mobile station is arranged to re- 
ceive a command from the base station to operate 
in the deep-sleep mode of operation having the sec- 
ond period. 

24. The apparatus as recited in claim 23, wherein the 
memory, microprocessor, and software application 



are co-located with the mobile station, and wherein 
the patterns of traffic communication are deter- 
mined at the mobile station. 

5 25. The apparatus as recited in claim 22, wherein the 
memory, microprocessor, and software application 
are co-located with the base station, and wherein 
the base station determines the patterns of traffic 
communication activity. 

10 

26. The apparatus as recited in claim 25, wherein the 
mobile station comprises a local memory for main- 
taining a record of traffic communication activities 
which are transmitted to the base station memory. 

15 

27. The apparatus as recited in claim 19, wherein the 
base station control communications comprise a 
variable deep-sleep slotted mode of operation to re- 
duce control communications to the mobile station; 

20 and 

wherein the mobile station is arranged to 
monitor broadcast messages from the base station 
at a variable periodic rate, less than the first rate in 
the variable deep-sleep mode of operation. 

25 

28. The apparatus as recited in claim 27, wherein the 
mobile station is arranged to monitor broadcast 
messages from the base station at a variable peri- 
odic rate, in response to the average traffic commu- 

30 nication activity occurring at a differentiated time in 
the cycle. 

29. The apparatus as recited in claim 18, wherein the 
mobile station comprises a battery and a battery 

35 condition detector, and wherein control communi- 
cations between the wireless communication net- 
work and the mobile station are reduced in re- 
sponse to the detected battery condition. 

40 30. The apparatus as recited in claim 1 8 further com- 
prising: 

circuitry for providing said base station with a 
message service; and 

wherein the base station, following the reduc- 
45 ing of the control communications with the mobile 
station, and in response to the initiation of a mobile 
station traffic communication, sends a warning from 
the message center that the initiation of the traffic 
communication will be delayed. 

50 
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